The high-resolution Fourier transform spectrum of the D 2 O molecule was recorded in the 3200 -4200 cm Ϫ1 region, where the bands of the second triad of interacting vibrational states are located. As a result of the theoretical analysis, both the rotational-vibrational structure of the (011) vibrational state was improved, and the rotational energies of the (110) and (030) vibrational states were determined for the first time up to rotational quantum numbers J max. ϭ 15 and 14, respectively.
INTRODUCTION
The analysis of the vibration-rotation spectra of the deuterated species of water is of great interest for many problems both of pure academic and of applied interest. Such problems, for example, are the investigation of the dynamics of molecular vibrations and rotations, the determination of the intramolecular potential function, atmospheric studies of planets, the study of the role of deuterium in interstellar molecules as an indicator of chemical reactions, the investigation of industrial pollution and of laser techniques, and so on.
The dideuterated water molecule has been the subject of several spectroscopic studies both in the microwave and in the infrared regions [see, e.g., Refs. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) ]. As to the second triad of interacting vibrational states (011)-(110)-(030), they were considered earlier in two papers only: in Ref.
(1) the vibrational band 2 ϩ 3 was studied with a grating spectrometer at a resolution of 0.25-0.30 cm Ϫ1 ; in Ref. (13) the same 2 ϩ 3 band was analyzed with a selective modulation Girard spectrometer achieving a better resolution (0.07 cm Ϫ1 ). In the last case, few lines of the weak 1 ϩ 2 band were also assigned.
In the present paper about 2300 transitions belonging to the D 2 O absorption were measured with a high-resolution Fourier transform spectrometer in the 3200 -4200 cm Ϫ1 region. Table 1 . The pressures were measured by a pressure gauge with an accuracy better than 1 Pa. All spectra were recorded at room temperature. The signal-to-noise ratios (SNR) varied from 1800 to 3300 (see Table 1 ), and about 2300 lines with good SNR were supposed to belong to D 2 O. The frequencies were calibrated with those of the HDO lines in that region reported by Toth and Brault (17) . The wavenumber precision of not too strong, unblended lines was 2-5 ϫ 10 Ϫ4 cm Ϫ1 . For illustration, two small pieces of the recorded spectra are presented in Figs. 1 and 2.
EXPERIMENTAL DETAILS
where the diagonal operators H ( ϭ 1, 2, 3) are the usual Watson's operators (18): (011) state is of B 1 symmetry, resonance interaction operators H Ј ( Ј) were taken in the following form,
for the Fermi-type interaction between the states (110) and (030), and 
ASSIGNMENT OF TRANSITIONS AND ANALYSIS
Assignments of transitions in the recorded spectra have been made on the basis of the ground state combination differences (GSCD) method. In this case, the ground state energies were calculated on the basis of parameters from Ref. (6) (for convenience of the reader, they are reproduced in column 2 of Table 2 ). Thanks to the high sensitivity of the spectrometer and the possibility of using a long pathlength, we were able to assign transitions not only of the strong 2 ϩ 3 and weaker 1 ϩ 2 bands (see examples of the recorded spectra on Fig. 1 ), but also of the very weak 3 2 band (see Fig. 2 ) as well. As a result of the analysis, about 2000 lines in the spectra were assigned, and values of upper state energies, which are presented in columns 2, 5, and 8 of Table 3 , were determined. These latter values were determined as the mean of several individual energies obtained from P, Q, and R transitions reaching the same upper state. In this case, only "full quality" transitions were used in the determination of the mean values, namely: (1) unblended, uncovered, and not too strong (only Values for the (011), (110), and (030 (2) since the precision of the positions of very weak lines is considerably worse than that of the lines of medium strength, the former were not taken into account in the determination of mean values appearing in columns 2, 5, and 8. The ⌬ value in columns 3, 6, and 9 of Table 3 is the uncertainty of the mean value determined from several such individual energies in units of 10 Ϫ4 cm Ϫ1 . The obtained upper state energies then were used as the initial data in the procedure of determining the parameters of the Hamiltonian [1] - [4] . It should be mentioned that the assignment of the spectral lines and the procedure of the determination of spectroscopic parameters were made at the same time. For this reason we were able to assign without a doubt even such lines in the spectrum which have no counterparts useful for the GSCD method. Such energies (determined only from one single line) are presented in Table 3 without experimental uncertainty.
To determine the spectroscopic parameters of the Hamiltonian [1] - [4] , the fit of all experimentally obtained energies from Table 3 was made. In this case, in the upper state fit ). This means that levels with ⌬ ϭ 10 ϫ 10 Ϫ4 cm Ϫ1 were unit-weighted. When the upper energy was obtained only from one single transition, it was given the weight of 1/100 (using the weight of 1/100 for such energies looks like a suitable procedure because the results of a fit, on the one hand, faintly depend on them and, on the other hand, indicate quality of a prediction power of a fit). The results of the fit are presented in columns 3-5 of Table 2 . The values in parentheses in this table are the 1 statistical confidence intervals for corresponding spectroscopic parameters in the last digits.
It should be mentioned that the presence of strong resonance interactions between all three bands of the second triad allowed us to determine stable values of resonance interaction parameters which are presented in Table 4 . Such strong resonance interactions already appear in the spectrum for small values of the quantum number J. As an illustration, one can see an irregular rotational structure of the (110) vibrational state beginning already at a J value of J ϭ 6.
We believe that the obtained parameters are correct because: (1) They reproduce the experimental energies with accuracies close to the experimental uncertainties. This statement is confirmed by the ␦ values in columns 4, 7, and 10 of Table 3 ) can be explained by the fact that the corresponding energy values were obtained, as a rule, from blended lines, of the positions which are determined with a low accuracy. (2) The values of the parameters from columns 2-5 of Table 2 correlate with each other. This means that the determined parameters are physically meaningful.
CONCLUSION
The analysis of the high-resolution Fourier transform spectra of the D 2 O molecule carried out in the framework of the Hamiltonian model which takes into account resonance interactions between the states (011), (110), and (030) allowed us to improve considerably the knowledge of the rotational vibrational structure of the (011) state. For the first time we were able to determine rotational energies of the (110) and (030) vibrational states with values of quantum number J up to 15 and 14, respectively. 
